Pedigree and field test data -collected between 1994-2005 -were analyzed in a group of 132,548 Hungarian Landrace pigs. The analysed traits were average daily gain (ADG) and lean meat percentage (LMP). In the present study inbreeding coefficients, pedigree completeness (complete generation equivalents) and inbreeding depression for ADG and LMP were estimated. Increasing the number of generations that were considered in the pedigree the estimated inbreeding coefficients did not change after the 5 th generation, but pedigree completeness was continuously increased. The estimated inbreeding depression for ADG and LMP were different applying 40 different models but the magnitude of the differences was small. The model comparison showed that the models containing litter and year-month effects had the best fit (smallest mean squared error). Increasing the inbreeding coefficient by 10 % decreased ADG by 4.01 g and practically did not affect LMP (0.003 %). It can be concluded that the estimated inbreeding depression was small and substantial depression can not be expected in the near future. However, the low level of inbreeding of the studied population can partly be explained by the short pedigrees. This suggests that Hungarian pig breeders may often import breeding animals or carry out herd replacements rather than applying continuous within group selection.
Introduction
One of the disadvantageous effects of inbreeding is the reduction of the mean phenotypic value of a trait known as inbreeding depression. Numerous authors experienced inbreeding depression in different domestic (MIGLIOR et al., 1995; WIENER et al., 1992; HORN and MELEG, 2000; CURIK et al., 2003; BRADE, 1991; FREYER et al., 2005; KOLK GEN SUNDAG et al., 2006; TRIEBLER et al., 1980; WOCAC, 2003; ZELLER and PIRCHNER, 1993) and experimental (ISSA and SEELAND, 2001) populations. Inbreeding depression is mainly apparent in traits that are closely related to fitness (FALCONER and MACKAY, 1996; PIRCHNER, 2004) , but the reduction is not confined to reproductive traits. The negative effects of inbreeding are magnified by the fact that they often affect several traits (such as litter size at birth, mortality during the suckling period, litter weight at 21 days of age) simultaneously and are operating through litters and through dams. The inbreeding depression in domesticated species is mainly important because it affects production efficiency. The National Institute for Agricultural Quality Control collects pedigree and field test data of the Hungarian pig populations for many years which are being evaluated routinely with linear (animal) models. However, extensive study on the pedigree based inbreeding level and the inbreeding depression for the collected traits has not yet been accomplished. The objective of this study was therefore to estimate the level of inbreeding of the Hungarian Landrace population and comparison of different models for estimation of inbreeding depression for the collected field test traits, namely average daily gain and lean meat percentage.
Materials and methods

Data recording
The analysis was conducted on the data collected by the National Institute for Agricultural Quality Control of Hungary between 1994 and 2005, in course of field test. Data of 132,548 Hungarian Landrace pigs reared in 49,717 litters were analyzed, originated from 97 herds. In the field test ultrasonic measurements were taken from boars and gilts between 80 and 110 kg. The measured traits were the fat depth between the 3 rd and 4 th lumbar vertebrae (8 cm laterally from the spinal chord), fat depth between the 3 rd and 4 th ribs (6 cm laterally from the spinal chord) and the loin muscle depth between the 3 rd and 4 th ribs (6 cm laterally from the spinal chord). Using these measurements lean meat percentage values (LMP) were calculated. Age and body weight (with an accuracy of 1 kg) of the animals were recorded at the same time from which their average daily gain (ADG) was also calculated. Gilts were kept in groups up to 25 pigs while boars were raised in smaller groups up to 15 using ad libitum feeding regime (OMMI, 2004) . Basic statistics of the field test data are presented in Table 1 . 
Pedigree analysis
The total number of animals in the pedigree was 144,196, the number of non-base animals was 138,802. Data analysis was started with pedigree analysis using the PEDUTIL, NGEN and VANRAD software packages. The first step was accommodating the pedigree data according to the animals with field test records using the PEDUTIL program. Pedigree completeness for every individual was assessed by formula of BOICHARD et al. (1997) :
where N = the number of animals in the reference population, n j = the total number of ancestors of animal j and g ij = the number of generations between j and its ancestor i. Pedigree completeness was assessed by tracing back the pedigree for three, four, five, six and seven generations (pc 3 -pc 7 ). Inbreeding coefficient (F) (WRIGHT, 1922) was calculated of each individual using VANRAD program. Inbreeding coefficient was assessed by tracking back the pedigree of three, four, five, six and seven generations. (F 3 -F 7 ). The applied programmes are all part of the PEDIG software package (BOICHARD, 2002) . After these calculations the results from pedigree analysis were joined with the field test records (PROC MERGE, SAS Institute Inc., 2004).
Genetic parameters estimation
Genetic parameters and breeding values were estimated using the PEST (GROENEVELD, 1990) and VCE-5 (KOVAC and GROENEVELD, 2003) software packages based on the BLUP and REML methods. 40 bivariate animal models were used for both traits. The model variations are presented in Table 2 . where y = vector of observations, b = vector of fixed effects, a = vector of random animal effects, c = vector of random litter effects, e = vector of random residual effects, X, Z, W = incidence matrices relating records to fixed effects, random animal and random litter effects, respectively. Inbreeding coefficients (F) and pedigree completeness (pc) were defined as covariates, herd or herd-year, sex and year-month or month effects were defined as fixed effects, litter and animal effects were defined as random effects in the model. Inbreeding depression (the BLUE estimate of F) referring to the analyzed period was determined for ADG and LMP. The applied 40 models were compared according to their mean squared error (MSE) using the PREDICT option of the PEST software package.
Results and discussion The results of the pedigree analysis can be seen in Table 3 . When tracing more generations in the pedigree the estimated inbreeding coefficients did not change after the 5 generations, but pedigree completeness was continuously increased. The estimated inbreeding depressions for ADG and LMP showed small differences applying 40 different models ( Figure 1 and Figure 2 ). Increasing the inbreeding coefficients by 10 % decreased the ADG by 4.01 g (that corresponds to 0.73 kg decrease of body weight) and practically did not affect LMP (0.003 %). Contrary to our results other authors observed substantial inbreeding depression in pigs for their body weight at 154 days of age. By increasing the inbreeding coefficients with 10 % the reduction of the trait varied between 1.16-2.6 kg (BERESKIN et al., 1968; DICKERSON et al., 1954 ). In German Landrace tested in fattening performance test station (TRIEBLER et al., 1980) found a reduced body mass of 2.17 kg with 10 % of increase of inbreeding coefficient. Furthermore animals with an inbreeding coefficient between 6.0 to 12.5 % showed an extended test time of 6.5 days. BRANDT and MÖLLERS (1999) in Göttinger Minipig population found that a 10 % increase of inbreeding of sows or litters both leads to a reduction on weight within the first 6 months of 0.25 kg. According to CURIK et al. (2001) the inbreeding depression is determined by:
where d depends on the degree of dominance, p and q = allele frequencies that affect the character. Thus the reason of the heterogeneity of inbreeding depressions found by different authors may be explained by the much higher inbreeding levels of the foreign pig populations. DICKERSON et al. (1954) , BERESKIN et al. (1968) and BRANDT and MÖLLERS (1999) examined 4,521, 7,075 and 1,191 litters, where the average inbreeding coefficients were 0.24, 0.16 and 0.10, respectively and the maximum level of inbreeding reached 0.7. The mean inbreeding coefficient of the living population in the German Bentheimer pig race amounts to 8.01 % (KOLK GEN SUNDAG et al., 2006) . However, only 4 boars have been integrated during the last 25 years from outside into this closed population. For LMP inbreeding had no effect on the trait, the Hungarian Landrace population possibly did not exhibit directional dominance. The comparison of the 40 animal model's fit can be seen in Figure 3 and Figure 4 . Models which contained litter effects (models 11-20, and 31-40) showed better fit compared to other models (models 1-10 and 21-30). This phenomenon was possibly caused by the additional relationship information that could be detected in the pedigree. Among the models contained litter effects the ones which containing yearmonth effect (models 11-20) showed better fit than the ones where the month effect was separated, while the effect of herd and the year effects were defined separately (models 31-40). Involving the continuous generations the accuracy of the estimation did not improved probably because of the very short pedigrees. It can be concluded that due to the low inbreeding level and due to the small inbreeding depression of ADG and LMP, substantial depression can not be expected in the Hungarian Landrace in either trait in the near future. Nevertheless because field test data was available for a 12 years period, the estimated pedigree completeness was very low compared to the possible value (3-4) supposing more complete pedigrees. The absolute level of inbreeding of any animal depends on its pedigree length. Animals with long pedigree have higher probability of being inbred. Thus the negligible inbreeding depression was presumably partly the result of the short pedigrees. This suggests that conventional within group selection in the Hungarian Landrace nucleus farms has only secondarily importance. It is probable that pig breeders often import breeding animals or time to time accomplish total herd replacements.
